In this paper, two proposed computational methods of coarse alignment for strap down inertial navigation systems (SDINS) are presented. Their associated drift, skew, and scale alignment errors are evaluated analytically. Although the computational formulas for analytic ground alignment are identical in the ideal case, the error characteristics are dependent upon the employed basis. With properly selecting the basis to compute the best estimate of transformation matrix, the drift misalignment angles of analytic alignment can be made to be equivalent to those, which can be found by physical gyro-compassing. 
II. Problem Formulation and Formulas of Analytical Alignment
It is well known that the self-alignment requirement is the measurement of two noncollinear vectors, the local gravity vector g and the earth rate ie ω , in both body and navigation frames. The local gravity vector and earth rate can be sensed in the body frame by the inertial sensors, accelerometers and gyros respectively, which are known in the Earthfixed frame [3, 6] . For the purpose of this investigation, we assume that the navigation axes are aligned with the local-level north, east, and down axes. Then g and ie ω can be expressed in the navigation frame as:
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Where g and Ω represent the magnitude of gravity and Earth rate respectively; ϕ is the local geographical latitude.
The analytical alignment problem is to build a set that consists of three linearly independent vectors [ ] 
In general, there are six possible sets, which can be used for achieving the analytical alignment purpose [4, 5] (4) [ ]
It is quite obvious from (4) and (5) 
Alternatively, since n b C is orthogonal, it must satisfy:
Therefore n b C can also be written as: C in (9) can be explicitly expressed as [5, 6] . (12) Similarly, if the three vectors in 2 B are employed, then n b C in (9) can be written as:
In this case, the element of second and third rows of n b C is the same as (12), whereas the elements of first row are changed to:
Where a is the magnitude of b a . We can easily see that the elements of the first row in (12) and (14) are identical by using the equalities, 
III. ERROR ANALYSIS
In the error analysis, we now consider a vector V , which is known in the navigation frame and can be obtained by processing the sensor outputs. Ideally, their relationship can be written as [9] :
where n b C represents the true transformation matrix. However, it is inevitable that the inertial sensing signals will be contaminated with uncertainties in a practical strap down system. Therefore, only the computational transformation matrix C can be related by the following formula [2] :
Where I is the identity matrix while both S and φ represent the alignment errors. The matrix S is symmetric with the form of:
Where the diagonal elements (35) These drifts had been presented in the literature [2] . It is observed from (37) that not only the north accelerometer error but also the vertical accelerometer and azimuth gyro uncertainties will include the east level error. This situation is quite different than that occurred in a gimbaled system. It should be noted that an orthonormalization process does not have effect on these drift errors. Although an orthonormalization process can eliminate the skew and scale factor errors, they are also presented here for completeness. The skew misalignment angles can be obtained as:
(40) which shows that, the east skew error dose not equals zero.
The scale errors are given by:
Similarly, the alignment errors associated with the computational method in (13) can be obtained by substituting the three vectors of 2 B in (5) for V . After simple manipulations, the drift misalignment angles can be obtained as: As compared with (38), (46) is not corrupted by vertical accelerometer and azimuth gyro uncertainties. In practice, the azimuth gyro uncertainty will dominate the east level error of (38). Hence, the computational of method-2 in (13) is better than that given in (9).
SIMULATION RESULTS
A simulation program is carried out for verification purposes. 
V. CONCLUSIONS
A few general requirements for analytic self-alignment are considered. Two useful computation methods of coarse alignment for strap down inertial navigation systems are presented. Their associated drift, skew, and scale alignment errors are evaluated analytically. Although the computational formulas for analytic ground alignment are identical in the ideal case, the error characteristics are dependent upon the employed basis. The alignment computational method 2 is superior to method 1 practically because its east level error is not corrupted by gyro uncertainty. Moreover, the drift misalignment angles of method 2 are equivalent to those obtained with physical gyro-compassing. These results are helpful in design of ground coarse alignment process.
